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ELECTRICAL TESTING METHOD OF
INTERPOSER

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s a divisional of copending application
U.S. Ser. No. 13/619,528, filed on Sep. 14, 2012, which

claims under 35 U.S.C. § 119(a) the benefit of Taitwanese
Application No. 101109806, filed Mar. 22, 2012, the entire

contents of which are imncorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to interposers and electrical
testing methods thereotf, and, more particularly, to an inter-
poser having a plurality of conductive through holes and an
clectrical testing method thereof.

2. Description of Related Art

FIG. 1 shows a cross-sectional view of a conventional
3D-IC package structure. Referring to FIG. 1, an interposer
10 having a plurality of copper posts 11 penetrating there-
through 1s disposed between a semiconductor chip 12 and a
packaging substrate 13 to serve as an electrical connection
bridge between the semiconductor chip 12 and the packag-
ing substrate 13.

The copper posts 11 are formed by filling a copper
material 1n a plurality of through holes 100 1n the interposer
10. However, if the through holes 100 are not completely
filled with the copper material, voids or crevices 14 may
occur 1n the copper posts 11. The voids or crevices 14 cannot
be mspected visually. Further, since the upper and lower
surfaces ol the interposer 10 have external conductive
clements disposed thereon, a conventional waler testing
method cannot be used to detect the electrical performance
of the interposer 10. Therefore, an effective electrical testing
method of the mterposer 10 1s required so as to improve the
yield of the 3D-IC package structure.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides an interposer,
which comprises: a substrate having a first surface with a
plurality of first conductive pads and a second surface
opposite to the first surface, the second surface having a
plurality of second conductive pads; a plurality of conduc-
tive through holes penetrating the first and second surfaces
of the substrate and electrically connecting the first and
second conductive pads; and a first removable electrical
connection structure formed on the first surface and electri-
cally connected to a portion of the first conductive pads.

The present invention further provides an electrical test-
ing method of an interposer, which comprises the steps of:
providing an interposer, having a substrate having a first
surface with a plurality of first conductive pads and a second
surface opposite to the first surface, the second surface
having a plurality of second conductive pads; a plurality of
conductive through holes penetrating the first and second
surfaces of the substrate and electrically connecting the first
and second conductive pads; and a first removable electrical
connection structure formed on the first surface and electri-
cally connected to a portion of the first conductive pads;
clectrically connecting a plurality of probes to the interposer
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2

to test the interposer; and removing the first removable
clectrical connection structure.

A testing method of the interposer may be performed by
complying a first portion of the probes to a first portion of
the second conductive pads corresponding 1n position to the
first removable electrical connection structure, and coupling
a second portion of the probes to a second portion of the
second conductive pads not corresponding in position to the
first removable electrical connection structure.

According to the present invention, by forming a remov-
able electrical connection structure on a surface of the
interposer for electrically connecting a plurality of conduc-
tive pads on the surface, the conductive through holes 1n the
interposer, the conductive pads on opposite surfaces of the
interposer and the removable electrical connection structure
form a circuit for electrical testing, the electrical perfor-
mance of the conductive through holes. Thereafter, the
removable electrical connection structure 1s removed with-
out adversely aflecting the interposer. Therefore, the present
invention provides an effective electrical testing method of
the interposer without adversely aflfecting the original design
of the interposer.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional view showing a conventional
3D-IC package structure;

FIGS. 2A to 2K are cross-sectional views showing an
clectrical testing method of an interposer according to a first
embodiment of the present invention, wheremn FIG. 2H'
shows another embodiment of FIG. 2H;

FIG. 3 1s a cross-sectional view showing an electrical
testing method of an interposer according to a second
embodiment of the present invention;

FIG. 4 1s a top view showing an electrical testing method
of an mterposer according to a third embodiment of the
present 1nvention;

FIGS. 5A and 5B are cross-sectional and top views
showing an electrical testing method of an interposer
according to a fourth embodiment of the present invention;

FIG. 6 1s a cross-sectional view showing an electrical
testing method of an 1nterposer according to a fifth embodi-
ment of the present invention; and

FIGS. 7A and 7B are schematic cross-sectional views
showing an electrical testing method of an interposer

according to a sixth embodiment of the present invention,
wherein FIG. 7B shows another embodiment of FIG. 7A.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The following illustrative embodiments are provided to
illustrate the disclosure of the present invention, these and
other advantages and eflects can be apparent to those 1n the
art after reading this specification.

It should be noted that the drawings are only for illustra-
tive purposes and not intended to limit the present invention.
Meanwhile, terms such as ““side,” “end.” “on,” *““a,” etc. are
only used as a matter of descriptive convenience and not
intended to have any other significance or provide limita-
tions for the present invention.

FIGS. 2A to 2K are cross-sectional views showing an
clectrical testing method of an interposer according to a first
embodiment of the present invention. FIG. 2H' shows
another embodiment of FIG. 2H.

Referring to FIG. 2A, an interposer 1s provided. The

interposer has a substrate 20 having opposite first and
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second surfaces 20a, 2056 and a plurality of conductive
through holes 21 formed therein. The first surface 20a of the
substrate 20 has at least a first redistribution layer (RDL)
22a. The outermost first redistribution layer 22a has a
plurality of first conductive pads 221a electrically connected
to the conductive through holes 21, and a UBM (Under
Bump Metallurgy) layer 23a 1s further formed on the first
conductive pads 221a. An msulating layer 210 made of S10,,
or SiN 1s formed between the substrate 20 and each of the
conductive through holes 21. The substrate 20 can be made
of silicon or glass, and have a thickness less than or equal to
200 um, preferably less than 100 um. In addition, a first
passivation layer 201a can be formed on the first surface 20a
of the substrate 20 and have a plurality of openings for
exposing the conductive through holes 21. The first surface
20a can be connected to another substrate (not shown) and
the second surface 205 can be connected to a semiconductor
chip (not shown), or vice versa.

Referring to FIG. 2B, a metal layer 24 1s formed on the
first surface 20q and the UBM layer 23a by sputtering. In the
present embodiment, only one metal layer i1s provided. In
other embodiments, a plurality of metal layers 24 can be
provided and made of the same or different materials. The
metal layer 24 can be made of Al, N1, N1V, W, T1, T1W, Cr,
Ta, Au or Cu.

Referring to FIG. 2C, a positive or negative photoresist
layer 1s formed on the metal layer 24, and exposed and
developed so as to be formed as a patterned resist layer 25.
In the present embodiment, the patterned resist layer 25 1s
formed between two adjacent first conductive pads 221a for
covering the metal layer 24 between the two first conductive
pads 221a while exposing other regions.

Referring to FIG. 2D, by using the patterned resist layer
235 as a mask, the metal layer 24 exposed from the patterned
resist layer 25 1s removed by dry etching or wet etching and
a lirst removable electrical connection structure 241a 1is
formed for electrically connecting a portion of the first
conductive pads 221a with the conductive through holes 21.
Then, the patterned resist layer 235 1s removed. In the present
embodiment, the first removable electrical connection struc-
ture 241a 1s formed on the first UBM layer 23a of the first
conductive pads 221a and made of a material diflerent from
that of the first UBM layer 23a, and, after a subsequent
clectrical test 1s performed, the first removable electrical
connection structure 241q can be removed through selective
ctching. Alternatively, the first removable electrical connec-
tion structure 241a can be directly formed on two adjacent
first conductive pads 221a and electrically connecting the
two first conductive pads 221a.

Referring to FIG. 2E, the first surface 20a of the substrate
20 having the first removable electrical connection structure
241a 1s mounted on a carrier 27 through an adhesive layer
26. The carrier 27 can be an adhesive tape having a frame,
or a metal plate or glass having an adhesive layer.

Referring to FIG. 2F, a portion of the substrate 20 1s
removed from the second surface 206 by grinding or etch-
ing, thereby exposing the ends of the conductive through
holes 21. In the present embodiment, the second surtace 205
1s ground to be 1n a certain thickness without exposing the
conductive through holes 21, and then an etching process 1s
performed to expose the conductive through holes 20.

Referring to FIG. 2G, a second passivation layer 2015 1s
formed to cover the second surface 206 and has a plurality
of openings for exposing the conductive through holes 21.
The second passivation layer 2015 can be made of S10, or
S1N. Then, a second UBM layer 235 1s formed 1n each of the

openings of the second passivation layer 2015 for electri-
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cally connecting the corresponding conductive through hole
21. Alternatively, a redistribution layer and a plurality of
conductive pads can be formed on the second surface 205,
and the second UBM layer 235 can be formed on the
conductive pads. The second UBM layer 235 can be made
of Al, N1, N1V, W, T1, T1iW, Cr, Ta, Au or Cu. A plurality of
conductive bumps 28 are formed on the second UBM layer
23H by printing, electroplating or ball mounting. In other
embodiments, each of the conductive bumps 28 has a copper
post disposed on the second UBM layer 236 and a solder
layer disposed on the copper post.

Referring to FIG. 2H, the interposer 1s tested through the
first removable electrical connection structure 241a. In par-
ticular, two probes 29 are connected to the conductive
bumps 28 corresponding in position to the first removable
electrical connection structure 241a, and an electrical test
can be performed to determine the electrical conductivity
between the two probes 29. The conductive bumps 28, the
conductive through holes 21 and the first removable elec-
trical connection structure 241a form a circuit. If no crevice
or void occurs in the conductive through holes 21, the circuit
allows currents to flow therethrough. As such, the electrical
performance of the two conductive through holes 21 in the
circuit can be determined by measuring the currents between
the two conductive bumps 28. On the other hand, 11 a void
or crevice occurs 1n the conductive through holes 21 and the
circuit 1s broken, currents cannot flow through the circuit. As
such, no current 1s measured between the two conductive
bumps 28, and the interposer can be determined to be
defective. Stmilarly, 1n order to test whether a short circuit
or current leakage occurs 1n the interposer, one of the probes
29 15 connected to a conductive bump 28 that corresponds 1n
position to the first removable electrical connection structure
241a, and another probe 29 i1s connected to a conductive
bump 28 that does not correspond in position to the first
removable electrical connection structure 241a. Since the
above-described two conductive bumps 28 are not electri-
cally connected to each other through the first removable
electrical connection structure 241a, the circuit should be
open. By testing the electrical conductivity between the two
probes 29, 1t can be determined whether a short circuit or
current leakage occurs between the two conductive bumps
28, as shown 1n FIG. 2H'.

Referring to FIG. 21, the second surface of the interposer
1s mounted on a carrier 30. In the present embodiment, the
carrier 30 can be an adhesive tape having a frame, and the
adhesive tape can be removed by UV light or heat treatment.

Referring to FI1G. 21, the carrier 27 and the adhesive layer
26 are removed. By removing the adhesive property of the
adhesive layer 26 through UV light or heat treatment or
removing the adhesive layer 26 with a solvent, the carrier 27
can be removed. After the carrier 27 1s removed, the surface
of the interposer can be cleaned by using a solvent or
plasma.

Retferring to FIG. 2K, the first removable electrical con-
nection structure 241q and the carrier 30 are removed. In the
present embodiment, the first removable electrical connec-
tion structure 241a 1s made of Al and the first UBM layer
23a 1s made of Ti/Cu. By performing a dry etching using
BCl, gas, the first removable electrical connection structure
241a made of Al 1s removed without adversely aflecting the
UBM layer 23a made of T1/Cu. In other embodiments,
different materials and diflerent removing methods can be
applied. Through the above-described processes, an inter-
poser such as a through silicon mterposer (TSI) 1s obtained.
Referring to FIG. 3, 1n another embodiment, the first surface
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20a can have a plurality of first redistribution layers 22a, and
the second surfaces 206 can have a plurality of second
redistribution layers 225.

FIG. 4 shows an electrical testing method of an interposer
according to a third embodiment of the present imnvention.
The first surface 20a of the substrate 20 further has at least
a testing pad 2211 electrically connected to one of the first
conductive pads 221q through a circuit 2411a. Alternatively,
the testing pad 2211 can be disposed on the second surface
20b0. To perform an electrical test, a probe 29 can be
connected to the testing pad 2211 instead of the correspond-
ing first conductive pad 221q, thereby protecting the surface
of the first conductive pad 221a from being damaged by the
probe 29 so as to ensure the product reliability.

FIGS. 5A and 5B are schematic cross-sectional and top
views ol an electrical testing method of an interposer
according to a fourth embodiment of the present invention.

The fourth embodiment differs from the second embodi-
ment in that a second removable electrical connection struc-
ture 2415 1s formed on the second surface 206 and electri-
cally connected to a portion of the second UBM layer 235.
The first and second conductive pads 221a, 2215, the first
and second removable electrical connection structures 241a,
241b, and the conductive through holes 21 form a daisy
chain structure. By measuring the impedance of the daisy
chain structure, the present invention can determine whether
the 111terposer has defective conductive through holes that
lead to increase of the impedance value.

FIG. 6 shows an electrical testing method of an interposer
according to a fifth embodiment of the present invention.

The fitth embodiment dift

ers from the fourth embodiment in
that two probes 29' are connected in series to replace the
second removable electrical connection structure 2415 of the
fourth embodiment, and the first and second conductive pads
221a, 221b, the conductive through holes 21, the first
removable electrical connection structure 241q, and the
probes 29' form a daisy chain structure. In other embodi-
ments, the probes 29, 29' can be designed as a general
purpose testing board in which a portion of probes or test
pads are electrically connected to each other so as to form a
daisy chain structure together with the conductive through
holes 21 and the first removal electrical connection structure
241a.

FIGS. 7A and 7B are schematic cross-sectional views
showing an e¢lectrical testing method of an interposer
according to a sixth embodiment of the present invention.
FIG. 7B shows another embodiment of FIG. 7A.

The sixth embodiment differs from the second embodi-
ment 1n that the first removable electrical connection struc-
ture 241a and the UBM layer 23a are integrally formed in
the present embodiment, as shown 1n FIG. 7A. Alternatively,
the first and second removable electrical connection struc-
tures 241a, 24156 are imtegrally formed with the first and
second UBM layers 23a, 235, respectively, as shown 1n FIG.
7B.

In an embodiment, the first removable electrical connec-
tion structure 241a and the second removable electrical
connection structure 2415 can be integrally formed with the
first redistribution 224 and the second redistribution 225,
respectively.

The present mmvention further provides an interposer,
which has: a substrate 20 having a first surface 20a with a
plurality of first conductive pads 221a and a second surface
206 opposite to the first surface 20a and having a plurality
of second conductive pads 2215b; a plurality of conductive
through holes 21 penetrating the first and second surfaces
20a, 20 of the substrate 20 so as to electrically connect the
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first and second conductive pads 221a, 221b; and a first
removable electrical connection structure 241a formed on
the first surface 20q and electrically connected to a portion
of the first conductive pads 221a.

In the above-described interposer, the first removable
clectrical connection structure 241a can be integrally formed
with the first conductive pads 221a. Alternatively, the first
removable electrical connection structure 241a 1s a metal

layer 24 or a wiring layer formed on the first conductive pads
221a and the first surtace 20a.

In the above-described interposer, the first conductive
pads 221a can further have a first UBM (Under Bump
Metallurgy) layer 23a formed thereon, and the second
conductive pads 2215 can further have a second UBM layer
23b formed thereon. The first removable electrical connec-
tion structure 241aq is interposed between the first conductive
pads 221a and the first UBM layer 23a. The second remov-
able electrical connection structure 2416 1s interposed

between the second conductive pads 2215 and the second
UBM layer 23b.

In the above-described interposer, the first surface 20a can
have at least a first redistribution layer 22a, and the second
surface 205 can have at least a second redistribution layer
22b. The outermost first redistribution layer 224 and the
outermost second redistribution layer 226 have the first
conductive pads 221a and the second conductive pads 2215,
respectively.

In the above-described interposer, the first surface 20a can
further have at least a testing pad 2211 electrically connected
to one of the first conductive pads 221q through a circuit
2411a. The interposer can further have a second removable
clectrical connection structure 2415 formed between a por-
tion of the second conductive pads 2215, and the first
conductive pads 221a, the second conductive pads 2215, the
first removable electrical connection structure 241q, the
second removable electrical connection structure 24154, and
the conductive through holes 21 form a daisy chain struc-
ture.

The mterposer can further have a plurality of conductive
bumps 28 disposed on the second conductive pads 2215. The
substrate 20 can have a thickness less than or equal to 200
um.

According to the present invention, by forming a remov-
able electrical connection structure on a surface of the
interposer for electrically connecting a plurality of conduc-
tive pads on the surface, the conductive through holes 1n the
interposer, the conductive pads on opposite surfaces of the
interposer and the removable electrical connection structure
form a circuit for electrical testing, thereby determining the
clectrical performance of the conductive through holes.
Thereafter, the removable electrical connection structure 1s
removed without adversely aflecting the interposer. There-
fore, the present mvention provides an eflective electrical
testing method of the interposer, without adversely affecting
the original design of the interposer.

The above-described descriptions of the detailed embodi-
ments are only to 1illustrate the preferred implementation
according to the present invention, and 1t 1s not to limit the
scope of the present invention. Accordingly, all modifica-
tions and vaniations completed by those with ordinary skall
in the art should fall within the scope of present mnvention
defined by the appended claims.
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What 1s claimed 1s:

1. An electrical testing method of an interposer, compris-
ing the steps of:

providing an interposer, the interposer comprising:

a substrate having a first surface with a plurality of first
conductive pads and a second surface opposite to the
first surface, the second surface having a plurality of
second conductive pads;

a plurality of conductive through holes penetrating the
first and second surfaces of the substrate and elec-
trically connecting the first and second conductive
pads; and

a first removable electrical connection structure formed
on the first surface and electrically connecting a
portion of the first conductive pads,

wherein the first removable electrical connection struc-
ture 1s a metal layer or a wiring layer formed on the
first conductive pads and the first surface, and

wherein the first conductive pads further have a first
Under bump metallurgy (UBM) layer formed
thereon and the second conductive pads further have
a second UBM layer formed thereon, such that the
first removable electrical connection structure 1s
interposed between the first conductive pads and the
first UBM layer, and a second removable electrical
connection structure i1s mterposed between the sec-
ond conductive pads and the second UBM layer;
clectrically connecting a plurality of probes to the
interposer to test the interposer; and removing the
first removable electrical connection structure.

2. The electrical testing method of claim 1, wherein the
first removable electrical connection structure 1s 1ntegrally
tformed with the first conductive pads.

3. The clectrical testing method of claim 1, after testing
the interposer, further comprising mounting the second
surface of the iterposer on a carrier.

4. The electrical testing method of claim 1, further com-
prising mounting the interposer on a carrier via the first
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surface thereotf, and removing the carrier before removing
the first removable electrical connection structure.

5. The electrical testing method of claim 1, wherein the

first surface further has at least a first redistribution laver,
and the second surface further has at least a second redis-
tribution layer.

6. The clectrical testing method of claim 1, wherein the
probes are connected to the second conductive pads corre-
sponding to the first removable electrical connection struc-
ture.

7. The electrical testing method of claim 1, wherein a first
portion of the probes are coupled to a first portion of the
second conductive pads corresponding in position to the first
removable electrical connection structure, and a second
portion of the probes are coupled to a second portion of the
second conductive pads not corresponding in position to the
first removable electrical connection structure.

8. The electrical testing method of claim 1, wherein the
first surface further has at least a testing pad electrically
connected to one of the first conductive pads.

9. The electrical testing method of claim 1, further com-
prising forming the second removable electrical connection
structure between a portion of the second conductive pads
and the first and second conductive pads, the first and second
removable electrical connection structures and the conduc-
tive through holes to form a daisy chain structure.

10. The electrical testing method of claim 1, wherein a
portion of the probes are connected 1n series, and the first
and second conductive pads, the first removal electrical
connection structure, the conductive through holes and the
probes are formed as a daisy chain structure.

11. The electrical testing method of claim 1, before testing
the interposer, further comprising forming a plurality of
conductive bumps on the second conductive pads.

12. The electrical testing method of claim 1, wherein the
substrate 1s less than or equal to 200 um 1n thickness.
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